Summary
Introduction
Varicella is the primary infection caused by the highly contagious varicella zoster virus (VZV). Most individuals contract varicella during childhood, when varicella in immunocompetent individuals is usually a self-limited disease and only rarely leads to complications [1] . According to previous studies conducted in Switzerland between 1994 and 2005, VZV seroprevalence in adolescents and young adults ranges between 94% and 97% [1] [2] [3] [4] [5] . Although seroprevalences show regional differences, studies from other Western European countries report comparable VZV prevalences [6] [7] [8] . Seroprevalence has increased in some tropical countries over recent years, but it still remains significantly lower than in Europe, and varicella infections in tropical countries tend to occur at later ages [9, 10] . If varicella infection is contracted in adulthood, the risk of complications such as pneumonia, encephalitis or meningitis is higher than in children [11] ; in Switzerland, the frequency of hospitalisations for adults is 16 times higher and mortality is increased 40 times [12] . The prevalence of VZV infection appears to be associated with the number of siblings a person grew up with [2, 13] . Similarly, in a study conducted in Guinea Bissau, household size was a critical risk factor for varicella transmission [10] . However, in Swiss and other European studies, neither socioeconomic status, living in urban versus rural areas nor gender predicted the prevalence of VZV antibodies [2, 8] . Vaccination against varicella is recommended as part of routine childhood vaccination schedules in several countries, such as the United States and Germany [14, 15] . In Switzerland, vaccination against varicella during childhood is not generally recommended and varicella is not a notifiable disease. The Swiss Federal Office of Public Health recommends the following approach in individuals aged 11 to <40 years who have not contracted varicella naturally in the past (i.e. who do not have a reliable varicella history), to either (i) vaccinate or (ii) to perform VZV serology and vaccinate those with a negative result. The threshold of 40 years was chosen on the assumption that almost all individuals will have contracted varicella by the age of 40 and thus testing for varicella seropositivity is unnecessary above this age. The Travel Clinic of the University of Zurich follows the second strategy. In the current study, we retrospectively assessed VZV serology data obtained from all individuals seeking pre-travel advice at our clinic between December 2008 and August 2015 with a negative or uncertain varicella history who were tested for VZV antibodies. The objectives were (i) to evaluate the overall percentage of individuals who previously had varicella despite a negative or unclear history, (ii) to assess whether the current Swiss recommendation age of 40 is reasonable by comparing seropositivity percentages above and below this age, and (iii) to examine the influence of age, number of siblings, order of siblings, age difference from siblings and nationality on likelihood of seropositivity. Furthermore, we examined whether any of these factors could identify potential risk groups amongst individuals with a negative varicella history and refine the recommendations on testing for VZV antibodies. In addition (iv), we aimed to compare the costs of the two approaches recommended by the Swiss Federal Office of Public Health.
Methods

Study design
This was a retrospective study of the prevalence of serum varicella IgG in individuals seeking pre-travel advice in the Travel Clinic of the Epidemiology, Biostatistics and Prevention Institute, University of Zurich, Switzerland. In the Travel Clinic we advise individuals with a negative or unknown varicella history (i.e. individuals who do not have a reliable varicella history) and who have had no previous varicella vaccination to be tested for varicella antibodies and we vaccinate those with a negative result. Generally only individuals aged <40 years are tested in accordance with Swiss recommendations. However, some individuals above this age were also tested upon their request. Anonymised VZV serology results from December 2008 to August 2015 were analysed retrospectively. No ethics approval was necessary for this study as it was a retrospective analysis of anonymised data.
Available data
The following anonymous data were analysed: age, gender, year of birth, nationality, number of siblings, year of birth of siblings, VZV serology results.
Varicella-zoster virus serology
All VZV serology tests were conducted in the laboratory of the Institute of Virology at the University of Zurich. The VIDAS bioMérieux VZV IgG, a multiparametric immunoassay system for medium throughput, based on enzymelinked fluorescent assay (ELFA) technology was used. In September 2012, the laboratory switched to a new system, Virion/Serion VZV IgG kit enzyme-linked immunosorbent assay (ELISA).
Vaccination cost analysis
We compared emerging costs of the two approaches recommended by The Swiss Federal Office of Public Health: (i) to vaccinate individuals between 11 and <40 years of age who had not contracted varicella naturally in the past or (ii) to perform a VZV serology test and vaccinate those with a negative result.
Statistical analysis
Data were analysed with Stata 13.0 (Stata Corp, Texas). Univariate and bivariate analyses were performed. Differences in proportions were assessed using a χ 2 test or Fisher's exact test, where applicable. A test for trend was applied for ordered categorical variables. For continuous variables with a non-normal distribution the median was reported. A logistic regression was performed to adjust for potential confounders. All variables that were considered to be possibly associated with the result of the VZV IgG test result were included in the logistic regression model.
Results
Demographics
Overall, the sera of 1757 individuals with a negative or unknown varicella history were tested for VZV antibodies. Out of these, 860 (49.0%) were male and the median age was 31.6 years (range 11-72 years We found a trend for increasing seropositivity with declining age difference between siblings. This trend was observed in those with older siblings as well as in those with younger siblings (table 2) . However, the differences were not statistically significant.
We did not find that the position within family birth order was associated with varicella seropositivity (data not shown).
Multivariate analysis
After gender, number of siblings, order within siblings and nationality were taken into account, age was significantly associated with a positive varicella titre. 
Discussion
In the current study, more than 90% of individuals, aged 11 to 72 years, with an unknown or negative varicella history were seropositive for VZV antibodies. Seropositivity increased with age and number of siblings, whereas the age difference between siblings and the order of birth did not significantly influence a person's varicella serostatus. In all individuals from Switzerland and Africa seroprevalence was higher than 90%. In those persons originating from other countries in Europe or Western Asia seroprevalence ranged between 85 and 90%, while seroprevalence was only 83% in individuals from the Americas and 65% in individuals from South Central, South-East and East Asia. However, the numbers of travellers originating from countries other than Switzerland were small. Thus seroprevalence data in these groups should be interpreted with caution. Age, number of siblings and nationality (origin) have previously been shown to be associated with VZV serostatus in children and adolescents [1, 2] . Heininger et al. demonstrated a positive correlation between presence of VZV antibodies and the number of siblings living in the same household (90.1% occurrence of antibodies in people with no siblings and more than 96% seroprevalence in people with one or more siblings). Similar results were observed in a study conducted by Jerant et al. in young US-military soldiers [13] . Seroprevalence to varicella is generally lower in tropical countries [17, 18] and thus the finding of 65% seronegatives in those from large parts of Asia is not surprising. Between 1999 and 2000, the reliability of varicella history was investigated among children and adolescents aged 1 to 18 years who were hospitalised at the University Children's Hospital of Basel, Switzerland [5] . Among those with a positive varicella history, serum samples tested positive in 98%. In those who reported no or a possible previous varicella history, 15.7% (31/197) tested positive. When looking at age groups, a different picture was observed: 3% of those aged 1 to 4 years, 23% of those aged 5 to 8 years and 74% of older children (aged 9-18 years) tested positive for varicella despite a negative history. In our study, we report varicella titres in persons aged 11 years and older. In those aged 10 to 19 years, we found a varicella positivity of 85% with an increasing trend in higher age groups. Thus, our findings are in line with the results from the study conducted between 1999 and 2000. We showed that the strategy of applying two vaccine doses to all individuals with an unknown or negative varicella history would have been twice as costly as the approach of performing a serology test and vaccinating only those with a negative result.
Limitations
Underlying conditions, including immunocompromising conditions, were not recorded and could not be assessed in our study sample. Antibody memory towards varicella has been shown to be impaired in immunocompromised persons [19] . Furthermore, the sample sizes for individuals aged 40 years and above, as well as for individuals from regions outside Switzerland, were low, thus our sample may not be representative for these groups. In addition, we have information only on the nationality of individuals, but not on the country where they grew up in. We tested for VZV antibodies in every traveller with a negative or unknown varicella history who wished and agreed to be tested. It is possible that results would have been different in those who did not agree to be tested. Unfortunately, because of data limitations we could not assess how many individuals reported a positive varicella history or how many travellers with a negative or unknown varicella history did not agree to be tested. All travellers receive a written report on their serology results 10 to 14 days after testing. Those with a negative VZV serology receive the recommendation to be vaccinated twice. However, owing to the anonymous nature of the data we could not check whether these individuals actually followed our recommendation. In a worst-case scenario, none of those with a VZV-negative test result received the vaccinations and we may have missed vaccinating 156 travellers with no protection against varicella.
Conclusion
From our results it is questionable whether the age of 40 is a reasonable threshold for performing VZV serology in individuals with an unknown or negative varicella history in Switzerland, as 6.0% of tested individuals above the age of 40 were still VZV negative. Varicella seropositivity according to nationality in travellers seeking pre-travel advice at the Travel Clinic of the University of Zurich between December 2008 and August 2015 who had an uncertain or negative varicella history (n = 1749). SC = South Central; SE = South-East; E = East; Europe = European countries except Switzerland; χ 2 test p <0.001
